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Abstract 
The imaging method known as Neutron Resonance Absorption (NRA) is very suitable for nondestructive analysis of 
element distributions in a sample. The purposes of this study are to perform NRA test experiments using the Micro 
Pixel Chamber (μPIC), developed by Kyoto University and to confirm the quantitative quality of the measurements 
of the system. The experiment was performed at NOBORU in J-PARC. The detector was located at 14.5 m from the 
moderator in the experimental room. The samples, consisting of thin Cobalt, Tantalum and Molybdenum foils, were 
placed individually at the upstream from the detector. In the experiment, the transmission spectra with the samples 
and no sample were obtained. Background components were not so small in these measurements. From the neutron 
transport simulation, it was surmised that the origin of this background was due to scattering of neutrons in the 
experimental room. Therefore, the assumed background components were subtracted from the measurement data. 
Finally, it was found that the difference between the measurement data and the nuclear data was within about 20%. 
Issues remaining to be solved include how to obtain precise background data quantitatively in the case of a large 
absorption cross section.  
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1. Introduction 
The J-PARC center is developing energy selective neutron imaging methods in cooperation with 
Hokkaido University, the Quantum Beam Application Division and the Nuclear Element Division in 
JAEA at NOBORU (NeutrOn Beam-line for Observation and Research Use)[1,2] in J-PARC. At 
NOBORU, neutron beam sizes up to 10 x 10 cm2 can be produced and several devices (rotary collimator, 
filter exchange device, slits, etc.) are equipped to shape the neutron beams and to control their intensities.  
The Micro Pixel Chamber (μPIC) is one of the time projection chambers and is developed by Tanimori 
et al. in Kyoto University for measurement of cosmic X-rays and gamma-rays. They have more recently 
applied the μPIC to neutron detection[3]. As the application of this detector, Parker et al. investigated the 
feasibility of this detector for neutron imaging experiments. They indicated that it had good time 
resolution (~1μs), good spatial resolution (~0.12mm) and good neutron-gamma separation (gamma-ray 
sensitivity < 10-6) [4,5]. Therefore, this detector is one of the candidate detectors for the energy selective 
neutron imaging experiment. 
Neutron Resonance Absorption method (NRA) is an energy selective neutron imaging method and 
very suitable for nondestructive analysis of element distributions in a sample. Many elements have a 
resonance reaction with large cross sections in the energy region from eV to keV. If the neutron 
transmission spectrum of such an element is observed with time of flight (TOF), resonance dips 
corresponding to the energy of the resonance reaction are found in the transmission spectrum. Several 
groups are studying NRA. Kamiyama et al. have studied NRA paying attention to the temperature 
information derived from the resonance width[6]. Kai et al. reported the feasibility of the camera system 
for NRA[7]. The quantitative quality (range and precision) in NRA is a very important factor to analyze the 
distribution of the element. Therefore, it can be satisfied that the μPIC detector which has the good 
separation of neutron and gamma-ray has good quantitative quality for NRA. 
The purposes of this study are to perform NRA test experiments using pulsed neutron beams with the 
μPIC detector and to confirm the quantitative quality of the measurements of the system. 
 
2. NRA and analysis method 
When TOF with pulsed neutron beams is used, the neutron energy (E(eV)) obtained from the flight 
time (T(ms)) and the flight length  (L(m)) is basically represented as ( )23 /10227.5)( TLTE ⋅⋅= − . Neutron 
detection counts as a function of the neutron energy in cases with and without a sample ( )(ECsmp  and
)(ECemp , respectively) are represented as: 
 )()(),()()( EEEffdTTEEEffEC empnempnemp φφ ≈= ³      (1), 
 )()(),()()( EEEffdTTEEEffEC smpnsmpnsmp φφ ≈= ³  
  
))()()(( 222111)()( EdNEdNEdNempn nnneEEEff σσσφ −−−≈ "     (2), 
where subscript of emp means the case without sample, subscript of smp means the case with sample, nEff
is the efficiency of the neutron detection, φ is the neutron flux, iN  is the number density of ith element, 
id is the thickness of ith element and iσ is the cross section of ith element. 
The transmission spectrum, which is the energy-dependent counts with the sample divided by those 
without the sample, is 
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As shown in Eq.(3), element thickness (content) of the sample can be obtained from the transmission 
spectrum without any correction, such as the detector efficiency and spatial neutron distribution. If an 
element has much larger cross section (at around the resonance energy) than other elements, the 
composition of this element is enhanced. 
However, in the real case, background components )(EBGN will be found as: 
 )()(
)( ))()()(( 222111 EBGNe
EC
EC EdNEdNEdN
emp
smp
nnn +≈ −−− σσσ "     (4). 
Generally, contamination of gamma-rays, scattering neutrons, overlap neutrons, and so on are expected as 
the origin of the background in a counting detector. However, because the μPIC has good gamma-ray 
separation and overlap neutrons can be eliminated by locating a slow-neutron absorbing material in the 
beam line, the contamination mainly consists of scattering neutrons. 
 
3. Experiment method. 
Figure 1 shows the experimental setup (left) and the picture of the μPIC detector with the samples 
(right) in NOBORU. The μPIC detector was located at 14.5 m from the moderator. The sample was 
located at 14.0 m or directly attached in front of the detector (14.4 m position). Lead and boron-silicide 
were used as filters to reduce burst gamma-rays and eliminate overlap slow neutrons, respectively. 
Neutron intensity and irradiated fields were controlled by two collimators and two boron carbide slits. 
Count rate in the detector was suppressed to 20 kCPS for neutron detection events. The spatial irradiation 
field was limited to 50x50 mm2 to reduce the count rate. To obtain the transmission spectrum, two 
measurements with and without a sample were done. The measurement data were integrated over the 
whole area of the same thickness sample. 
 
   
Fig. 1. Experimental setup (left) and picture of μPIC detector and samples (right) 
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4. Result and discussion 
4.1. Background estimation and experiment 
Although a resonance dip appears in the transmission spectrum with strong resonance absorption, the 
dip in the measurement is filled with other components, resulting in a background.  Because the 
background component influence the quantitative quality, a simulation was done in order to investigate 
this component. Figure 2 shows simulation results with a neutron transport code in NOBORU. If the 
experimental room wall was not considered in the simulation, the background component at the resonance 
dip did not appear.  However, if the experimental room wall was considered, the background component 
originating in the higher energy neutron region appeared. Figure 3 shows the Ndσ value obtained from the 
transmission spectrum with and without a boron carbide rubber sheet covering the detector. The 
resonance peak top is clearly improved. This result indicates that any slow neutron filling the resonance 
dip is eliminated. Therefore, the fitting region at the resonance peak should be limited to exclude the 
background component. Figure 4 shows the transmission curve as a function of Ndσ derived from Eq.(3). 
The lower limits of the transmission value were set to 0.1 (Ndσ<2.3)  to exclude the background 
component and the upper limits were set to 0.95 (Ndσ>0.05) to avoid statistical error.  
 
 
Fig. 2. Calculated time distribution of detected neutron in detector in case with and without experimental room wall. 
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Fig. 3. Ndσ value obtained from measured transmission spectrum with and without boron rubber sheet. The top line is subtracted 
value from the value with boron sheet to without boron sheet. 
 
 
Fig. 4. Transmission curve as a function of Ndσ value. 
4.2. Measurement of Single materials 
Homogeneous samples of Cobalt, Molybdenum, Tantalum and Indium with several thicknesses were 
used to investigate the difference between the real thickness and the measured thickness. Figure 5 shows 
the picture of the Tantalum samples (left), the 2-dimensional transmission image around the resonance 
energy, 4.3eV, (centre) and the transmission spectra (right). Different thickness regions can be 
distinguished as shown in the centre of Fig.5, and the dependence of the thickness on the transmission 
intensity at the resonance dip is clearly shown in the left of Fig.5. 
Figure 6 shows the comparison of the measured thickness with the real one in case of the Cobalt 
sample. The resonance peak at 139 eV was used for the fitting with the limitation of the transmission 
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value. The measured thickness is consistent with the real thickness within 16%. Note that no adjustable 
parameters were used in the derivation of the measured thickness. 
Figure 7 shows the Ndσ dependence of the difference between the measured thickness and the real one 
for all measured samples. The thickness of the sample having the Ndσ of around 10 can be measured 
within 20%. However, because there is any difference between the measured thickness and the real 
thickness, any correction might produce a reduction of the difference. 
 
 
Fig. 5. Picture of tantalum samples (left), two-dimensional transmission image (center) and transmission spectrum (right)  
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Fig. 6. Relation between measured thicknesses of Cobalt samples and real ones.  
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Fig. 7. Measured thickness divided by real one as a function of Ndσ in case of several thicknesses and types.  
 
4.3. Composite elements  
In order to check quantitative quality for composite materials, several elements of Cobalt, Silver, 
Molybdenum, Indium, Manganin (Copper 84%, Manganese 12% and Nickel 4%) were stacked and 
placed at 14.0 m. Measured thickness obtained from the transmission spectrum shown in Fig. 8 is shown 
in Table 1. Measured thicknesses of Cobalt, Silver and Indium are consistent with the real thicknesses 
within 5%. In the case of Manganin, the maximum difference between the measured value and the real 
one is 16%. On the other hand, the measured thickness of Molybdenum is much smaller than the real one. 
The reason for this underestimation is that the resonance width of Molybdenum is narrower than those of 
other elements. When the detector was covered by a boron rubber sheet in order to absorb slow neutrons 
scattered in the experimental room, the measured thickness of Manganin agreed with the real one with 
10%.  As a result, even if several elements were stacked, the composition of the each composited material 
can be distinguished within 16%. 
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Fig. 8. Transmission spectrum of stacked materials. 
 
Table 1 Measured thicknesses of several stacked materials and comparison with real ones. 
Element 
Measured thickness 
Real thickness 
Without sheet With sheet 
(mm) (mm) (mm) 
Co 0.48  0.48  0.50  
Ag 0.10  0.10  0.10  
Mo 0.21  0.20  1.00  
In 0.05  0.05  0.05  
Manganin 1.16  1.10  1.00  
 
5. Summary 
If the value of Ndı is limited in the range from 0.05 to 2.3, the thickness of a material can be obtained 
from transmission data precisely. The measured thicknesses of single elements (Cobalt, Silver, 
Molybdenum, Indium, Manganin) obtained by the NRA method were consistent with the real ones within 
20%, and the thickness of the stacked materials (Cobalt, Silver, Molybdenum, Indium, Manganin) could 
be precisely measured within 16%, except for Molybdenum. Because the underestimation of 
Molybdenum would be due to elastic scattering competed with the absorption reaction at the resonance 
region, it will be studied further. 
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